We investigate the evolution of extinction curves in galaxies based on our evolution model of grain size distribution. In this model, we considered various processes: dust formation by SNe II and AGB stars, dust destruction by SN shocks in the interstellar medium (ISM), metal accretion onto the surface of grains, shattering and coagulation. We find that the extinction curve is flat in the earliest stage of galaxy evolution because the grain size distribution is dominated by large (a 0.1 µm, where a is the grain radius) grains produced by stars. As the galaxy is enriched with dust, shattering becomes effective to produce a large abundance of small grains (a 0.01 µm). Then, the total surface area of grains per grain mass becomes large, and grain growth becomes effective at small grain radii, forming a bump at a ∼ 10 −3 -10 −2 µm on the grain size distribution. Consequently, the extinction curve at ultraviolet (UV) wavelengths becomes steep, and a bump at 1/λ ∼ 4.5 µm −1 (λ : wavelength) on the extinction curve becomes prominent. The galactic age when the extinction curve has the bump is roughly estimated as t ∼ (τ SF /Gyr) 1/2 Gyr, where τ SF is the star formation timescale. Once coagulation becomes effective, the extinction curves become flatter, but the UV extinction remains overproduced when compared with the Milky Way extinction curve. This discrepancy can be resolved by introducing a stronger contribution of coagulation. Thus, an interplay between shattering and coagulation could be important to reproduce the Milky Way extinction curve. We conclude that the extinction curves of galaxies change drastically through the galaxy lifetime because the main dust processes that contribute to the grain size distribution change.
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Introduction
Dust grains are one of the fundamental ingredients for understanding the formation and evolution of galaxies. In particular, extinction curves, which represent the wavelength dependence of dust extinction, are a powerful tool to explore the physical and optical properties of dust grains (grain size, dust components, and etc.) in galaxies (e.g., [1, 2] ).
By fitting the extinction curve in the Milky Way (hereafter MW extinction curve), [1] derived the grain size distribution in the Milky Way (hereafter MRN size distribution), f (a)da ∝ a −3.5 da with a = 0.005-0.25 µm, where a is the grain radius and f (a)da is the number density of grains in size interval [a, a + da]. The MRN size distribution can be realized if the grains are processed by grain-grain collisions (shattering and coagulation). Thus, it is probable that grain-grain collisions are an important process in the Milky Way and perhaps in nearby galaxies in general. In addition, if the metallicity in galaxies is larger than a certain value, the accretion of gas-phase metals on the surface of pre-existing grains (referred to as 'grain growth' in this manuscript) occurs effectively [3] . Since grain growth has the potential to change the grain size distribution (e.g., [4] ), the shape of extinction curves may change by grain growth. In fact, the UV slope on extinction curves becomes steeper due to grain growth if the grain size distribution is initially similar to the MRN size distribution.
The various processes affecting the grain size distribution (referred to as 'dust processes' in this manuscript) occur in a way dependent on the metallicity, total dust amount, and grain size distribution, and could be interrelated. Thus, it is mandatory to construct a model by taking into account all dust processes in a unified framework. Recently, [4] have discussed the evolution of the grain size distribution, taking into account all the dust processes based on chemical evolution of galaxies. They showed that the grain size distribution changes drastically with the galactic age because the dominant dust process changes. In view of the discussion in [4] , it is expected that the extinction curve also changes with the galactic age due to the change of the dominant dust processes. Therefore, we examine the evolution of extinction curves in galaxies using the dust evolution model developed by [4] , and check whether we can reproduce the MW extinction curve.
Model
We introduce the model constructed by [4] . [4] investigated the evolution of the grain size distribution taking into account the dust formation by SNe II and AGB stars, dust destruction by SN shocks in the interstellar medium (ISM), grain growth in the cold neutral medium (CNM), graingrain collisions (shattering and coagulation) in the warm neutral medium (WNM) and CNM. Grain growth in the WNM was not considered because grain growth is more efficient in dense and cold regions. [4] considered the contribution of the dust processes in the WNM and CNM by introducing the mass fractions of WNM (∼ 6000 K, 0.3 cm −3 ) and CNM (∼ 100 K, 30 cm −3 ), η WNM and η CNM , respectively. The sum of η WNM and η CNM was assumed to be unity. The grain velocities in the two ISM phases derived by [5] were adopted to calculate shattering and coagulation. We assume two dust species, graphite and silicate [4] . For the dust evolution model, the total baryon mass (the sum of the stellar mass and the ISM mass in the galaxy) is constant, and we introduced the star
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Evolution of extinction curves in galaxies Ryosuke S. Asano formation timescale τ SF as τ SF = M ISM (t)/SFR(t), where M ISM is the ISM mass, SFR is the star formation rate and t is the galaxy age. Figure 1 shows the evolution of the extinction curve in galaxies taking into account various dust processes. We adopt τ SF = 5 Gyr, η WNM = η CNM = 0.5. We find that, since stellar dust is biased to large grains (a 0.1 µm), the extinction curve at the earliest stage of galaxy evolution is flat. After shattering and grain growth occur effectively, the extinction curve becomes steeper and has a larger bump at 1/λ ∼ 4.5 µm −1 than that of the MW extinction curve, where λ is the wavelength. After coagulation becomes effective, the bump becomes small.
Results and Discussion
Next, we examine the possibility of reproducing the MW extinction curve by considering extreme models, (i) no grain growth model and (ii) strong coagulation model. Figure 2 shows the extinction curves for carbon and silicate dust at the galactic age 10 Gyr for the (i) no grain growth model and (ii) strong coagulation model. We adopt τ SF = 5 Gyr, η WNM = η CNM = 0.5. From the panel (i), we find that the calculated extinction curve is similar to that of the Milky Way since the shape of the grain size distribution is similar to the MRN size distribution due to the shattering and coagulation. However, if we do not consider the contribution of grain growth to the evolution of the total dust mass in galaxies, it is hard to reproduce the total dust mass of the Milky Way. Thus, by this scenario, we can obtain the extinction curve similar to the MW extinction curve, but has difficulty in reproducing the total dust mass.
For the strong coagulation model [panel (ii)], we observe that the calculated extinction curve is closer to the MW extinction curve than the case in Fig. 1 . In this model, since we remove the coagulation threshold velocity 1 , all grains can grow to larger ones by coagulation. Furthermore, thanks to the supply of large grains by strong coagulation, shattering is induced, and as a result, the small grains are supplied. With such an interplay, the size distribution is expected to approach the MRN size distribution. In addition, unlike the model (i), the model (ii) may naturally account for the evolutions of the total dust mass and the grain size distribution and extinction curve in a galaxy at the same time. Thus, we conclude that the strong interplay of shattering and coagulation is important to reproduce extinction curves observed in nearby galaxies.
